The purpose of this study is to determine whether lipoprotein(a) (Lp[a]) is an independent risk factor for coronary spasm and occurrence of acute myocardial infarction (AMI) in patients with coronary spasm.
Coronary artery spasm plays an important role in the entire spectrum of acute ischemic events, although the exact pathophysiologic mechanisms by which coronary artery spasm is triggered remain to be elucidated (1, 2) . Coronary spasm can be the primary event in the pathophysiology of acute myocardial infarction (AMI) (3, 4) . Thrombin activation and fibrin formation have been shown to be induced by coronary spasm (5, 6) . Also, impaired fibrinolytic activity, which is lowest in the early morning, was reported in patients with variant angina (7) . These reports suggest that coronary spasm may trigger thrombus formation in coronary arteries and that the reduction of fibrinolytic activity may slow the removal of thrombus, ultimately leading to AMI in some patients. However, differences in the prevalence of risk factors or predisposing conditions between subjects with coronary spasm who develop and those who do not develop AMI are unknown, whereas both a high incidence of current smoking and a lower level of serum high-density lipoprotein (HDL) cholesterol without an elevation of low-density lipoprotein (LDL) cholesterol level have been identified in patients with coronary vasospasm (8 -13) .
Intracoronary thrombus formation has been thought to play an important role in the genesis of AMI (14) . A number of recent studies have shown that increased plasma concentrations of lipoprotein(a) (Lp [a] ) are associated with coronary atherosclerosis and also the evolution of AMI (15) (16) (17) . This lipoprotein has been suggested to be an independent risk factor for the development of cardiovascular and cerebrovascular diseases (17, 18) . Lipoprotein(a) consists of an LDL bound by a disulfide bond to apolipoprotein(a) (apo [a] ). Apolipoprotein(a) is a hydrophilic glycoprotein of the plasminogen family. It acts as a competitive inhibitor of the tissue-type plasminogen activator (t-PA) and inhibits the generation of thrombolytic enzyme plasmin because of its structural similarity to plasminogen (19) . These unique features give Lp(a) potential atherogenic and thrombogenic roles, and they have generated considerable interest in this lipoprotein. However, the possible significance of Lp(a) in patients with coronary vasospasm has not been clarified.
The purpose of this study is to determine whether the elevation of serum Lp(a) levels is a risk factor for coronary spasm and also whether it is a risk factor for the development of AMI in patients with coronary spasm.
METHODS
Study patients. Seventy-seven consecutive patients (65 men and 12 women: mean age 57 Ϯ 11 years; range, 15 to 74 years) with coronary spastic angina but without significant (Ͼ75% of luminal diameter) organic coronary arterial stenosis (Spasm group), in whom electrocardiographic STsegment shift was confirmed during attacks occurring spontaneously, were studied for the determination of serum level of Lp(a). In all the patients, coronary artery spasm was angiographically demonstrated in at least one of the major coronary arteries during spontaneous or induced attacks by intracoronary injection of acetylcholine (20 -22) . Another 177 patients (142 men and 35 women: mean age, 61 Ϯ 9 years; range, 36 to 82 years) with a significant organic narrowing of either coronary artery documented by coronary angiographic study, who had abnormal treadmill exercise stress test results but no rest angina (Stenosis group), were also subjected to the study. Coronary artery stenosis was quantitated with a computer-assisted analysis system. For the control group, 81 age-and sex-matched subjects (65 men and 16 women: mean age, 57 Ϯ 12 years; range, 26 to 73 years) without any significant systemic disease, who had normal treadmill exercise stress test results with the standard Bruce protocol (Control group), were selected. No patient was receiving estrogen therapy. Clinical and angiographic characteristics of the study groups are listed in Table 1 . A history of previous myocardial infarction (MI) had been diagnosed based on typical chest pain lasting for more than 30 min with ST-T segment deviation on a standard 12-lead electrocardiogram and an increase in creatine kinase to at least twice the normal upper limit. Written informed consent was obtained from all the study patients, and the study protocol followed the guidelines of the ethics committee at our institution.
Serum analysis. Venous samples were obtained in the fasting state when the subjects were free of any acute illness. Samples were not obtained within four weeks of the onset of AMI (23) . The total cholesterol level was measured directly in the serum, and HDL cholesterol was measured after precipitation of very-low-density lipoprotein cholesterol and LDL cholesterol with dextran sulfate-magnesium chloride by an enzymatic method. The concentration of triglyceride in serum was determined by measuring glycerol after an enzymatic hydrolysis with lipase-esterase. The LDLcholesterol concentration was calculated according to the following formula: LDL cholesterol ϭ (total cholesterol) Ϫ (HDL cholesterol) Ϫ (triglyceride/5). Lipoprotein(a) was Statistical analysis. Baseline characteristics of the study patients were compared using the chi-square test. Lipoprotein(a) data were expressed as medians (interquartile or 25th to 75th percentile range) because of the known skewed distribution of these levels. Other data are presented as mean Ϯ standard deviation. The Mann-Whitney U test was used for two-group comparison of Lp(a). An overall test for differences among the three groups was performed using the Kruskall-Wallis test. Comparisons of serum lipid levels and age among the three groups were performed with one-way analysis of variance followed by Scheffé's test. To determine whether serum Lp(a) level is an independent risk factor for AMI in patients with coronary vasospasm, multivariate logistic regression analyses were performed using software (SPSS Professional Statistics 7.5 for Windows; SPSS Japan Inc.). The dependent variable was a history of previous MI. The results of the multivariate analysis are expressed as odds ratios for the comparison of risk between the 10% and 90% percentiles (with 95% confidence intervals). The level of significance was set as p Ͻ 0.05.
RESULTS
Clinical variables in study patients. The baseline characteristics, including conventional coronary risk factors and coronary arteriographic findings in study patients, are shown in Table 1 . Smoking, hypertension and diabetes mellitus were all significantly more prevalent in the Spasm group than in the Control group. Both a history of previous MI and diabetes mellitus were significantly less prevalent in the Spasm group than in the Stenosis group, although no significant differences were found in the incidence of other conventional risk factors. No significant differences were noted in the incidence of hypercholesterolemia among the groups, although 22% of the Stenosis group were receiving lipid-lowering treatment.
Lp(a) levels in study patients. Serum Lp(a) concentrations in the study patients are summarized in Table 2 and Figure  1 . The serum Lp(a) level was significantly (p Ͻ 0.01) higher in the Stenosis group (median: 23 mg/dl) than in either the Control group (12 mg/dl) or the Spasm group (17 mg/dl). The incidence of patients with serum Lp(a) levels higher than 25 mg/dl was significantly (p Ͻ 0.01) greater in the Stenosis group (46%) than in either the Control group (21%) or the Spasm group (27%). As a whole, the serum Lp(a) level was significantly (p Ͻ 0.01) higher in the Spasm group than in the Control group. However, the incidence of higher (Ͼ25 mg/dl) serum Lp(a) level in the Spasm group was not significantly different from that in the Control group. In the 51 patients in the Spasm group with a fixed stenosis below 50%, both the serum Lp(a) level (16 mg/dl) and the incidence of higher serum Lp(a) level (25%) were not significantly different from those in the Control group. The comparative data of the incidence of various risk factors between the patients with, and those without, prior MI in the Spasm group are shown in Table 3 . In the Spasm group, there were no significant differences in the incidence of smoking, hypertension, hypercholesterolemia, diabetes mellitus and obesity between the patients with, and those without, prior MI. However, the serum level of Lp(a) was significantly higher in those patients with than in those without prior MI (29 vs. 16 mg/dl, p Ͻ 0.05) (Figure 2 ). By contrast, the serum level of Lp(a) was comparable-not significantly different-between the patients with, and those without, prior MI in the Stenosis group (Figure 3) . The incidence of prior MI was compared between the Box plots with the 10th, 25th, 50th, 75th and 90th percentiles. The serum Lp(a) level was significantly higher in the stenosis group than in the Control and Spasm groups. The level was also significantly higher in the Spasm group than in the Control group. Control ϭ control subjects without coronary artery disease. Spasm ϭ patients with coronary spasm but without a significant fixed coronary stenosis. Stenosis ϭ patients with a significant fixed coronary stenosis but without rest angina; m ϭ median. patients with, and those without, higher (Ͼ25 mg/dl) serum Lp(a) level. As shown in Table 4 , the incidence of patients with higher levels of Lp(a) (Ͼ25 mg/dl) was significantly greater in the patients with, than in those without, prior MI in the Spasm group (56% vs. 21%, p Ͻ 0.05). However, this was not the case in the Stenosis group. When the incidence of prior MI was compared between the patients with higher (Ͼ25 mg/dl) and lower (Յ25 mg/dl) levels of serum Lp(a) in each group, a significantly greater incidence of prior MI was noted in patients with higher, than in those with lower, serum Lp(a) level in the Spasm group (41% vs. 13%, p Ͻ 0.05), but not in the Stenosis group ( 
DISCUSSION
Relation between Lp(a) levels and prior MI in patients with coronary spasm. It has been well documented that plasma levels of Lp(a) vary widely between individuals in a population while remaining remarkably constant throughout life in a given individual (19) . Lipoprotein(a) has been shown to be an independent risk factor for atherosclerosis of coronary and cerebral arteries (17, 18) . In the present study, a significantly elevated serum Lp(a) level was confirmed in patients with a significant fixed coronary artery stenosis. Also, on the whole, the serum Lp(a) level of patients with coronary spasm, but without significant fixed stenosis, was 
1203
significantly higher than that found in the control subjects. Most of our patients with vasospasm had a mild stenosis or irregularity in the coronary arteries. However, the incidence of subjects with higher serum Lp(a) levels (Ͼ25 mg/dl) was found to be not significantly different between the patients with coronary spasm and the control patients, suggesting that it is difficult to discriminate by serum Lp(a) levels between subjects with, and those without, coronary artery spasm. The incidence was significantly greater in the patients with a significant fixed coronary stenosis than in either the control subjects or the patients with coronary spasm. Thus, the relation of elevated serum Lp(a) levels to coronary spasm appears to be weak, if any. By contrast, the incidence of subjects with higher serum Lp(a) levels (Ͼ25 mg/dl) was found to be significantly different between the patients with, and those without, previous MI among patients with coronary spasm. Coronary spastic patients with prior MI had a significantly higher level of serum Lp(a) than those without prior MI. The incidence of no other convenient risk factors differed between patients with, and those without, prior MI. Also in patients with coronary vasospasm, a significantly higher incidence of prior MI was noted in the subgroup with, than in the subgroup without, serum levels of Lp(a) higher than 25 mg/dl. These results indicate that an elevated serum level of Lp(a) is a risk factor for the occurrence of acute MI in patients with coronary vasospasm. The multivariate analysis confirmed that serum Lp(a) level is an independent determinant for prior MI in patients with coronary spasm.
Possible mechanisms of AMI in patients with high Lp(a) levels.
It is now established that intracoronary thrombus formation is usually an essential event in the pathogenesis of AMI (14) . Coronary artery spasm is known to play an important role in the occurrence of AMI in some patients (17, 18) . It is not known whether coronary spasm, in itself, can cause sufficiently severe and prolonged ischemia to precipitate AMI or whether coronary spasm may predispose to the formation of fibrin or platelet aggregates, which then leads to prolonged total coronary obstruction and subsequent AMI. It is reported that the coagulation system was activated after coronary spasm (5, 26) . However, turnover of thrombus depends not only on formation but also on lysis.
Recently impaired fibrinolytic activity was demonstrated in patients with variant angina (6, 7) . Both plasma plasminogen activator inhibitor (PAI) activity and t-PA antigen concentrations were found to be significantly higher in patients with variant angina than in patients with stable effort angina or the control subjects (7). The main component of the fibrinolytic system is plasmin, which dissolves fibrin or thrombus and which is converted from plasminogen by t-PA. Fibrinolysis is initiated by the release of t-PA from the endothelium (27) . Thus, t-PA promotes fibrinolysis, whereas its specific inhibitor, PAI, rapidly inhibits t-PA by complexing it. It has been postulated that high concentrations of Lp(a) may hinder fibrinolysis. In in vitro studies, Lp(a) has been shown to interfere with several steps in the fibrinolytic pathway, including the binding of plasminogen to endothelial cells and platelets, plasminogen activation on the endothelial surface and the lysis of platelet-rich thrombi, the binding of plasminogen and t-PA to fibrin and the binding of plasminogen to its activator (28 -31) . A similar interaction may occur in vivo. A significant relation of Lp(a) to infarct artery patency and also vein graft stenosis has been reported, suggesting an impaired fibrinolytic system in patients with higher Lp(a) levels (32, 33) . Thus, the structural similarity of Lp(a) and plasminogen may allow the former to compete with the latter for cellular receptors, fibrin and t-PA, thereby diminishing plasminogen activation, plasmin production and, ultimately, fibrinolysis. Even though, following coronary artery spasm, the coagulation system is activated and fibrinolytic system is inhibited, resulting in initiation of thrombus formation, the thrombotic coronary obstruction may not be completed if the spasm is of short duration and fibrinolytic activity is restored. By contrast, if the fibrinolytic activation is extremely impaired by high concentrations of Lp(a), thrombotic occlusion secondary to severe coronary spasm may be established and persist for long enough to cause AMI in some patients with coronary vasospasm. Then the occluded infarct-related artery may become patent in these patients, probably because of delayed fibrinolysis after resolved spasm. An elevated Lp(a) level is associated with coronary artery disease in most but not all studies, which has caused investigators to disagree about its importance (34) . High Lp(a) levels have been shown to promote events in subjects with other coronary risk factors (16, 35) . It is possible that the significant elevation of Lp(a) in patients with coronary vasospasm and prior MI might be acting synergistically with one or more other risk factors to produce the infarction.
By contrast to the patients with coronary spasm, no significant differences in serum Lp(a) levels were found between patients having a fixed coronary stenosis with prior MI and those without prior MI. The Lp(a) appears to play no significant role in the evolution of AMI or thrombotic occlusion following plaque rupture in the advanced stage of atherosclerotic coronary artery disease, even if this lipoprotein may be an important risk factor for the development or initiation of coronary atherosclerosis. 
